Organothallium(III) reagents for modification of biomacromolecules: irreversible labelling of phosphoglycerate kinase from rabbit muscle.
Organothallium(III) reagents, by analogy with organomercurials, have been found to rapidly label phosphoglycerate kinase from rabbit muscle. By use of a radio-labelled version of p-methylphenylthallium(III) bis-trifluoroacetate (MPT) the inhibition was shown to be irreversible by the criterion of gel filtration desalting. The rate of labelling was shown to depend on the temperature, enzyme and thallium reagent concentrations, and the presence or absence of the various substrates of the enzyme. The structure and oxidation state of the thallium reagent used affected the extent of modification by the compounds MPT, o-carboxyphenylthallium(III) bis-trifluoroacetate, thallic trifluoroacetate and thallous acetate. A number of pieces of evidence implicate cysteine residues in the labelling, including changes in the free thiol titre of the enzyme on thalliation, model studies on the interaction of thiols (e.g. glutathione) with thallium(III) and thallous materials, the lack of inactivation of phosphoglycerate kinase from yeast (which has only one thiol residue distant from the active site), and the partial restoration of enzymic activity by treatment of thalliated enzyme with sulphydryl reducing agents. Substrate protection studies showed that modification of rabbit muscle phosphoglycerate kinase by MPT was fully prevented by 3-phosphoglycerate and partially by MgATP. The latter protected only against the fast phase of thallic modification, the slower phase being unaffected. The presence of MgADP potentiated the labelling by MPT. No evidence of an MgADP-induced conformational change in the enzyme could be obtained from fluorescence or circular dichroic spectroscopies, although changes of the native spectra were noted on thalliation by MPT alone. The cross-linking potential of these arylthallium(III) reagents is discussed along with conformational changes required to trigger the hinge-movement between the N- and C-domains of the protein.